The crystal structure of Na6MosP2023(H20)I 4 has been determined from three-dimensional X-ray diffraction data collected with a Pailred diffractometer using Mo Ka radiation. The crystals are orthorhombic with space group P2~212 ~, cell dimensions a = 15.8304 (9), b = 19.876 (1), c = 10.6828 (6) A and Z = 4. Full-matrix least-squares refinements of positional and anisotropic thermal parameters based on 6171 independent reflexions resulted in a final R value of 0.024. The MosP206f anion consists of a ring formed by five MoO 6 octahedra with one PO4 tetrahedron attached to each side of the ring. The Mo-Mo distances vary between 3.355 and 3.377 A for edge-sharing octahedra and the distance is 3.6604 (4) ,h, when a corner is shared. In each octahedron the Mo-O distances are distributed with two distances in each of the three ranges 1.70-1.73, 1.90-1-95 and 2.17-2.39 A depending on coordination number. The P-O distances vary between 1.50 and 1.57 A. The anions are held together in a three-dimensional framework by O-Na-O and O-Na-H20-Na-O linkages as well as by hydrogen bonds. Four of the Na ions are surrounded by six, and two Na ions by five, anion O or water O atoms, in distorted octahedral, trigonal prismatic and square pyramidal arrangements. The Na-O distances are in the range 2.32-2.83 A.
Introduction
Aqueous equilibria between H +, MOOR 2-and HPO42-in a 3.0 M Na(C104) medium have been investigated by potentiometric, spectrophotometric and Raman methods (Pettersson, 1974 (Pettersson, , 1975 . The EMF measurements covered the range 1.5 < -log[H +] < 9. Leastsquares analyses of the data indicated the formation of two series of complexes: (H+)p(MoO2-)5(HPO4Z-)2 with p = 8, 9 and 10, and (H+)p(MoO42-)9(HPO 2-) with p = 14, 15, 16 and 17. At the ratio [MoO42-]/[HPO42-] = 2.5 the (p,5,2) complexes were totally dominant.
Crystallization experiments were carried out parallel with these investigations. A number of phases containing the complexes were obtained and have been or are being investigated by X-ray structure determination methods ( Table 1 ). The identity between the complexes in solution and those in crystals has been confirmed by large-angle X-ray scattering methods (Johansson, Pettersson & Ingri, 1974) . This paper presents the crystal structure of Na6MosP2023(H20)14 (A), corresponding to the (H+)s(MoO42-)5(HPO4~-)2 complex. Another phase containing this complex, Na6MosP2023(H20)I3 (B), has POLYANIONS. 16 Na6MosPzO23(H20)14 (8, 5, 2) NasHMosPzO23(H20)7 -9 (9,5,2) Na4H2M%PzOz3(HzO)I0 (10,5,2) Na3H6M°9PO34(H20)12-13 (17, 9, 1) Na6Mo lsPzO6z(HzO)24 (34, 18 ,2)* References: (1) Strandberg (1973) .
(2) Present paper.
(3) Hedman & Strandberg (1977) . (4) Hedman (1973) . (5) Strandberg (1974) .
(6) Strandberg (1975a) . (7) Strandberg (1975b) . * Dimer of (17, 9, 1) .
been investigated by Strandberg (1973) . The structures contain identical heteropolyanions but differ in the arrangement of Na ions and water molecules.
Experimental

Crystal preparation, analyses and data
The crystals were grown by slow evaporation at room temperature of aqueous solutions prepared from 24-68 g NazMoO4.2H20 , 6.37 g NaH2POa.2H20 , 10.52 ml of concentrated (11.64 M) HCIO 4 (i.e. a molar ratio of H ÷:MOO 2-:HPO 2-= 8"5:2) and water to make the total volume 50 ml. Colourless crystals were formed within a week. The B phase is also obtained from solutions of the same composition, but transforms in solution to (A) with time. The two phases are distinguished by their crystal forms, (A) being tabular needle-like and (B) spherical. Upon exposure to air the crystals slowly decompose and those which were subjected to X-ray investigation were therefore sealed in a capillary of Lindemann glass. Elemental analysis of the crystals (Department of Analytical Chemistry, University of Ume~t) gave: Mo 36.8, P 4.6 and Na 10.8 wt%; calculated Mo 36.9, P 4.8 and Na 10.6 wt%. The water content was determined by thermobalance analysis to be 19.4 wt% (calculated 19.4 wt%).
From Weissenberg photographs the crystals were found to be orthorhombic with systematic extinctions h00, h=2n+ 1;0k0, k=2n+ 1;and00l, l=2n+ 1 which are consistent only with space group P212~2 ~. Accurate unit-cell parameters were determined from Xray powder photographs taken with a Guinier-H~igg camera using Cu Ka I radiation (2 = 1.54051 ,/k). With the data from three independent exposures, two with Pb(NO3) 2 {a[Pb(NO3) 2] = 7.85750 A, 25 °CI and one with Si/a[Si] = 5.43088 A, 25 °C / used as the internal standard, cell parameters were refined by least-squares methods (Werner, 1969) and the results weighted together. The density of the crystals was independently determined from flotation in bromoform/carbon tetrachloride and from pycnometry with xylene as the medium. Complete crystal data are given in Table 2 .
Data collection and reduction
Three-dimensional X-ray diffraction data were collected with a Philips Pailred diffractometer at 25°C. Mo Ktt radiation (2 = 0.71069 A) monochromatized with a graphite monochromator was used and measurements made with a scan speed of 1 ° min -1. Back-ground was recorded for 40 s at both ends of the scan interval. The approximate dimensions of the crystal used were 0.32 x 0.16 x 0.28 mm, with c parallel to the 0.28 mm edge. 12728 hkl and hkl reflexions from layers hkO-hk 15 were measured [(sin 0max)/2 = 0.818 A-I]. After primary data reduction and computation of the a(1) (Hedman, 1977) , reflexions with I < 2tr(I)were omitted as they were considered unobserved, leaving 11785 reflexions. The intensities and the a(1) were corrected for Lp and absorption effects. With the 6 x 8 x 8 Gaussian grid applied the transmission factor varied from 0.531 to 0.726 [p(Mo Ka) = 20.60 cm-q. The hkl and hkl reflexions were then weighted together giving a unique set of 6171 reflexions.
Structure determination and refinement
From a Patterson synthesis the Mo atomic positions were located, and routine heavy-atom methods yielded the positions of the remaining non-hydrogen atoms. For the water O atom Aq(13) two distinct peaks appeared in the electron density maps with too short an internal distance (~1.0 A) to be considered as two separate atoms and with lower peak heights than the other water O atoms. Refinements of either position diverged and the water molecule was therefore assumed to be distributed statistically over both positions with the sum of their occupancy factors restricted to 1.0. Full-matrix least-squares refinements with isotropic temperature factors gave an R value of 0.055. As the data were severely affected by extinction, an isotropic extinction parameter (C oppens & Hamilton, 1970) was included, which significantly improved the refinement. The refined value of the extinction parameter g' is 6.62 (10). With anisotropic temperature factors the refinements converged at R = 0.024 (R w = 0.028), R and R w being defined as R = E IIFol -IFclI/E IFol and R w = [Z wi(IFol --IFcl)2/Z wi[Fol2] 1/2 with Z wi(lFo I --Igcl) 2 being the function minimized. A weighting scheme, w = 1/oZ(Fo), was applied in which trZ(Fo) was modified to trZ(Fo) = a2(Fo) + (0.014Fo) 2. In the final cycle the parameter shifts were less than 0-30. As the refinements must be divided into four blocks because of the low core memory capacity of the computer, the standard deviations may be somewhat underestimated.
Computed F,. values for the previously omitted reflexions were all shown to be lower than or of the same magnitude as the threshold value. A final difference Fourier synthesis showed no anomalies. Mo 3+, P, O-(anion oxygen atoms), Na + and O scattering factors were used and account was taken of the real part of Table 3 . Fractional atomic coordinates (x 104;for Mo and P x 105) Estimated standard deviations are given in parentheses. For the oxygen atoms O(i), O(0"), OP(i) and OP(0") the index indicates that the atom is bonded to molybdenum atoms i or i and j, and P indicates that it is also bonded to a phosphorus atom. Aq(i) and Aq(ij) are coordinated to sodium ions i or i andj. (5) 53953 (2) 8403 (2) -55 (3) Na (1) 6736 (1) -432 (I) 1613 (2) P(1) 51318 (5) 4427 (4) 29951 (7) Na (2) 2092 (1) 668 (1) 6871 (2) P (2) 49548 (5) 22513 (4) 19645 (8) Na (3) 5109 (1) 3807 (1) 5497 (2) O(1) 7596 (2) 919 (2) 2815 (3) Na (4) 272 (2) 1041 (1) 1293 (2) O' (1) 7364 (2) 1894 (2) 1090 (3) Na (5) 3136 (1) 3037 (1) 797 (2) O(12) 6579 (2) 2048 (1) 3371 (2) Na (6) 6513 (1) 3074 (1) 831 (2) O(15) 6385 (2) 705 (1) 1014 (3) Aq (1) 7938 (3) -98 (2) 276 (4) OP (12) 5859 (2) 921 (1) 3422 (2) Aq(13a)* 3568 (7) 3682 (5) 4733 (11) OP (15) 5615 (2) 1817 (1) 1251 (2) Aq(13b)* 3950 (4) 3508 (3) 4038 (6) O(2) 6500 (2) 1476 (2) 5746 (3) Aq (15) 2565 (2) 4134 (2) 1594 (3) 0'(2) 5753 (2) 2668 (1) 5315 (3) Aq (2) 3363 (3) 348 (2) 7927 (5) (45) 4726 (2) 709 (1) 1752 (2) * The occupancy factors for Aq(13a) and Aq(13b) were refined to 0.363 (13) and 0.637 (13) respectively. POLYANIONS. 16
the anomalous dispersion (International Tables for  X- ray Crystallography, 1974) . The computer programs used have been described by Antti (1976) . The computations were performed with the CD 3300 and CD CYBER 172 computers at the University of Umefi.
Final atomic positional parameters are given in 
Description and discussion of the structure
The crystal structure consists of MosP20627 anions joined in a three-dimensional framework by Na ÷ ions and water molecules in electrostatic force links O--Na--O and O-Na-H20--Na-O as well as by numerous hydrogen bonds. The anion pentagonal tings are approximately parallel to (010) with O--Na--O links preferentially in the [010] and diagonal directions and O--Na--H20--Na--O links in the [100] and [001] directions ( Figs. 1 and 2) . Johnson, 1965 (3) 3.4i49 (9) 3.3606 (8) 3.6430 (8) 3.2947 (8) 3.5748 (8) 3.7700 (11) their four O atoms in common with different MoO 6 octahedra and with the fourth O atom extending away from the ring (Fig. 3) . The Mo-Mo distances between edge-sharing octahedra vary between 3.355-3.377 /~ and the distance is 3.6604 (4) /~, when a corner is shared. The distances across the ring lie in the range 5.440--5.556 /~,. As can be seen from Table 4 , the distances correspond more closely to the values found in (B) than to those of the H2MosP204~ anion in Na4H2MosP2023(H20)10 (Hedman, 1973) .
The MoO 6 octahedra are distorted with the characteristic 2 + 2 + 2 distribution of Mo-O distances in the following three ranges: (1) 0(23) The PO 4 tetrahedra are less distorted with mean P-O distances 1.51,4, (unshared O), 1.52 A (O shared with one Mo atom) and 1.56 A (O shared with two Mo atoms). When the anion is protonized, as in NaaH2MosP2023(H20)l o, the protons are attached to OP1 and OP2 converting the shortest P-O distances in this structure to the longest ones. Distances and angles within the anions are given in Table 4 .
The sodium-oxygen arrangement
The Na-O connexions, O-Na-O, between the anions include only four of the six crystallographically different Na ÷ ions. The arrangement is described schematically in Fig. 1 . Of the other two Na + ions, Na(1) is attached to only one anion and takes part in O-Na-H20-Na-O links (Figs. 1 and 2) , while Na ( The superscripts refer to the following symmetry operations: (4) Aq (34) 2.385 (4) Na(6)-Aq(2C") 2.343 (4) Aq'(34 "~) 2.399 (5) 0'(4 ~") 2.345 (3) Aq(13b) 2.479 (7)* OP2 2.363 (3) 0'(2) 2.491 (4) Aq(46 v") 2.363 (4) 0(5 ~v) 2.526 (3) Aq'(46) 2.530 (4) Aq(13a) 2.583 (12)* O'(1) 2.719 (4) * Aq (13) is disordered over two positions, see text.
A 'free' water molecule
Aql is the only water molecule uncoordinated to Na. It acts as a hydrogen-bond donor to 0(23) and Table 6 . Some selected hydrogen-bond distances (A)
The superscripts refer to the following symmetry operations:
(i) x,y, 1 + z; (ii) --½ + x, ½ -y, 1 -z.
Aq 1--Aq(34) 2.873 (5) Aq(13a)-O'(3) Aq (26) 2.915 (5) O(1") 0(23) 2.886 (4) Aq(lab)-O'(3) 0(45 i) 2.803 (4) OP2
2.913 (ll) 3.140 (12) 2.821 (6) 3.181 (7) O(45i), i.e. binds different anions in the [001] direction. It is also an acceptor of hydrogen bonds from Aq (26) and Aq (3 4). The coordination of O atoms around Aq (1) is tetrahedral with distances as given in Table 6 .
The d&ordered water molecule
Aq (13) is, as previously mentioned, disordered over two positions with occupancy factors 0.363 (13) and 0.637 (13) for positions a and b respectively. A possible explanation for this is the formation of different weak hydrogen bonds for the two positions, in which Aq(13) acts as a donor, see Table 6 . Na(1) and Na(3) complete a tetrahedral arrangement of atoms around Aq(13) in both the a and b positions. I wish to thank Professor Nils Ingri for much valuable advice, for his great interest and for all the facilities he placed at my disposal. I also wish to express my gratitude to Dr Lage Pettersson for advice on crystal preparation and Miss Ann-Marie Nenner for technical assistance. I am indebted to Dr Kenneth Wing for revising the English text. This work forms part of a programme financially supported by the Swedish National Science Research Council.
